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1. INTRODUCTION 

A theory of classical quantum mechanics (CQM), derived from fust principles, 1 
successfully applies physical laws on all scales. The classical wave equation is solved 
with the constraint that a bound electron cannot radiate energy. The mathematical 
formulation for zero radiation based on Maxwell's equations follows from a derivation by 
Haus. 2 The function that describes the motion of the electron must not possess spacetime 
Fourier components that are synchronous with waves traveling at the speed of light. 
CQM gives closed form solutions for the atom, including the stability of the n=\ state 
and the instability of the excited states, the equation of the photon and electron in excited 
states, the equation of the free electron, and photon which predict the wave particle 
duality behavior of particles and light. The current and charge density functions of the 
electron may be directly physically interpreted. For example, spin angular momentum 
results from the motion of negatively charged mass moving systematically, and the 
equation for angular momentum, r x p, can be applied directly to the wave function, 
called an orbitsphere (a current density function), that describes the electron. The 
magnetic moment of a Bohr magneton, Stern Gerlach experiment, g factor, Lamb shift, 
resonant line width and shape, selection rules, correspondence principle, wave particle 
duality, excited states, reduced mass, rotational energies, and momenta, orbital and spin 
splitting, spin-orbital coupling, Knight shift, and spin-nuclear coupling are derived in 
closed form equations based on Maxwell's equations. The calculations agree with 
experimental observ ations. 

For or any kind of wave advancing with limiting velocity and capable of trarismitting 
signals, the equation of front propagation is the same as the equation for the front of a 
light wave. By applying this condition to electromagnetic and gravitational fields at 
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particle production, the Schwarzschild metric (SM) is derived from the classical wave 
equation which modifies general relativity to include conservation of spacetime in 
addition to momentum and matter/energy. The result gives a natural relationship between 
Maxwell's equations, special relativity, and general relativity. It gives gravitation from 
the atom to the cosmos. The Universe is time harmonically oscillatory in matter energy 
and spacetime expansion and contraction with a minimum radius that is the gravitational 
radius. In closed form equations with fundamental constants only, CQM gives the 
deflection of light by stars, the precession of the perihelion of Mercury, the particle 
masses, the Hubble constant, the age of the Universe, the observed acceleration of the 
expansion, the power of the Universe, the power spectrum of the Universe, the 
microwave background temperature, the uruformity of the microwave background 
radiation, the microkelvin spatial variation of the microwave background radiation, the 
observed violation of the GZK cutoff, the mass density, the large scale structure of the 
Universe, and the identity of dark matter which matches the criteria for the structure of 
galaxies. In a special case wherein the gravitational potential enejgy Jensity of a 
blackhole equals that of the Plank mass, matter converts to energy and spacetime expands 
with the release of a gamma-ray burst. The singularity in the SM is eliminated. 



2. COSMOLOGICAL THEORY BASED ON MAXWELL'S EQUATIONS 

Maxwell's equations and special relativity are based on the law of propagation of a 
electromagnetic wave front in the form 

\/c 2 (Sa>/bty -[(So/fcc) 2 +{8m/byJ + (5co/5a>) 2 ]= 0 (1) 

For any kind of wave advancing with limiting velocity and capable of transmitting 
signals, the equation of front propagation is the same as the equation for the front of a 
light wave. Thus, the equation l/c 2 (d(Si/&tf -(gradatf = 0 acquires a general character; 
it is more general than Maxwell's equations from which Maxwell originally derived it. 

A discovery of the present work is that the classical wave equation governs: (1) the 
motion of bound electrons, (2) the propagation of any form of energy, (3) measurements 
between inertial frames of reference such as time, mass, momentum, and length 
(Minkowski tensor), (4) fundamental particle production and the conversion of matter to 
energy, (5) a relativistic correction of spacetime due to particle production or annihilation 
(Schwarzschild metric), (6) the expansion and contraction of the Universe, (7) the basis 
of the relationship between Maxwell's equations, Planck's equation, the de Broglie 
equation, Newton's laws, and special, and general relativity. 

The relationship between the time interval between ticks / of a clock in motion with 
velocity v relative to an observer and the time interval / 0 between ticks on a clock at rest 
relative to an observer 24 is 

(ctf = (ctrf + (vt)\ (2) 

Thus, the time dilation relationship based on the constant maximum speed of light c in 
any inertial frame is / = t 0 / \j\-[v 2 /c 2 ) . The metric g MV for Euclidean space is the 
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Minkowski tensor ^ . In this case, the separation of proper time between two events 
andx p + d!x M is </x : = -r\„dx»dx v . 



3. THE EQUIVALENCE OF THE GRAVITATIONAL MASS AND THE 
INERTIAL MASS 

The equivalence of the gravitational mass and the inertial mass m/rrii = universal 
constant which is predicted by Newton's law of mechanics and gravitation is 
experimentally confirmed to less 1 X 10" n . 3 In physics, the discovery of a universal 
constant often leads to the development of an entirely new theory. From the universal 
constancy of the velocity of light c, the special theory of relativity was derived; and from 
Planck's constant /i, the quantum theory was deduced. Therefore, the universal constant 
mg/rrii should be the key to the gravitational problem. The energy equation of Newtonian 
gravitation is 

£ - —mv 2 = —mvl = constant \->) 

2 r 2 r 0 

Since /i, the angular momentum per unit mass, is h = L/m = |r x v| = r 0 v 0 sin$ , the 
eccentricity e may be written as 

tmn+ L.™\&gir. (4) 

{ r 0 ) G M 

where m is the inertial mass of a particle, v 0 is the speed of the particle, r 0 is the distance 
of the particle from a massive object, § is the angle between the direction of motion of 
the particle and the radius vector from the object, and M is the total mass of the object 
(including a particle). The eccentricity e given by Newton's differential equations of 
motion in the case of the central field permits the classification of the orbits according to 
the total energy E 4 (column 1) and the orbital velocity squared, v 0 2 , relative to the 
gravitational velocity squared, 2GM/r 0 4 (column 2): 

£<0 v 2 0 <2GM/r 0 e<\ ellipse 
E < 0 v 0 2 < 2GM/r 0 e = 0 circle (special case of ellipse) 

£ = 0 v 2 0 = 2GM/r 0 6 = 1 parabolic orbit 

£>0 v 2 Q >2GM/r 0 e>\ hyperbolic orbit 



4. CONTINUITY CONDITIONS FOR THE PRODUCTION OF A PARTICLE 
FROM A PHOTON TRAVELING AT LIGHT SPEED 

A photon traveling at the speed of light gives rise to a particle with an initial radius 
equal to its Compton wavelength bar. 



RANDELL L. MILLS 



. n 
r = * c = ^a* 



(5) 



The particle must have an orbital velocity equal to Newtonian gravitational escape 
velocity of the antiparticle. 



\2Gm |2Gm 0 



(6) 



The eccentricity is one. The orbital energy is zero. The particle production trajectory 
is a parabola relative to the center of mass of the antiparticle. 

4.1 A Gravitational Field as a Front Equivalent to Light Wave Front 

4t ** ■ 

The particle with a finite gravitational mass gives rise to a gravitational field that 
travels out as a front equivalent to a light wave front. The form of the outgoing 
gravitational field front traveling at the speed of light is /(/ - r/c) and di 2 is given by 



dx 2 = /(r>r 2 -- \[f{[) X dr 7 + rW + r 2 Wfcty 2 ] 



(7) 



The speed of light as a constant maximum as well as phase matching and continuity 
conditions of the electromagnetic and gravitational waves require the following form of 
the squared displacements: 



ft 



(8) 
(9) 



In order that the wave front velocity does not exceed c in any frame, spacetime must 
undergo time dilation and length contraction due to the particle production event. The 
derivation and result of spacetime time dilation is analogous to the derivation and result 
of special relativistic time dilation wherein the relative velocity of two inertial frames 
replaces the gravitational velocity. 

The general form of the metric due to the relativistic effect on spacetime due to mass 
m Q with v g given by Eq. (6) is 



dT 2 
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dr 2 + r 2 d& + r 2 sin 2 Qd$ 2 



(10) 



The gravitational radius, r gt of each orbitsphere of the particle production event, each of 
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mass m 0 and the corresponding general form of the metric are respectively 

2Gm 0 (11) 



*'-('-7>'-7[('-7p'" + ''* 



(12) 



Masses and their effects on spacetime superimpose. The separation of proper time 
between two events x" and x* 4 dx* is 



m _ - J^l - ™f}dr 2 + W + r' sin 2 8*' 



(13) 



The metric g^ for non-Euclidean space due to the relativistic effect on spacetime due 
to mass M is the Schwarzschild metric which gives the relationship whereby matter 
causes relativistic corrections to spacetime that determines the curvature of spacetime 
and is the origin of gravity. 

4.2. Particle Production Continuity Conditions from Maxwell's Equations, and the 
Schwarzchild Metric 

The photon to particle event requires a transition state that is continuous wherein the 
velocity of a transition state orbitsphere is the speed of light. The radius, r, is the 
Compton wavelength bar, x c , given by Eq. (5). At production, the Planck equation 
energy, the electric potential energy, and the magnetic energy are equal to m^ 1 . 

The Schwarzschild metric gives the relationship whereby matter causes relativistic 
corrections to spacetime that determines the masses of fundamental particles. 
Substitution of r = X c ; dr = 0 ; dO = 0 ; sin 2 9 = 1 into the Schwarzschild metric gives 



i 



M-^J- (,4) 

with v 2 = c 2 , the relationship between the proper time and the coordinate time is 



When the orbitsphere velocity is the speed of light, continuity conditions based on 
the constant maximum speed of light given by Maxwell's equations are mass energy - 
Planck equation energy = electric potential energy = magnetic energy = mass/spacetime 
metric energy. Therefore, m c c - = V = E^ = E tpaetlitM 
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m ° c = ,icd ^ = a ^ = a ^^ = 7s^fe' (16) 

The continuity conditions based on the constant maximum speed of light given by 
the Schwarzschild metric are: 

proper time gravitational wave condition gravitational mass phase matching 
coordinate time electromagnetic wave condition charge/inertial mass phase matching 



proper time _ . 



2Gm 



CX < =/ Vl. (18) 



coordinate time a ac 



5. MASSES OF FUNDAMENTAL PARTICLES 



Each of the Planck equation energy, electric energy, and magnetic energy 
corresponds to a particle given by the relationship between the proper time and the 
coordinate time. The electron and down-down-up neutron correspond to the Planck 
equation energy. The muon and strange-strange-charmed neutron correspond to the 
electric energy. The tau and bottom-bottom-top neutron correspond to the magnetic 
energy. The particle must possess the escape velocity v g relative to the antiparticle where 
v g <c. According to Newton's law of gravitation, the eccentricity is one and the particle 
production trajectory is a parabola relative to the center of mass of the antiparticle. 

5.1. The Electron- An tielectron Lepton Pair 

A clock is defined in terms of a self consistent system of units used to measure the 
particle mass. The proper time of the particle is equated with the coordinate time 
according to the Schwarzschild metric corresponding to light speed. The special 
relativistic condition corresponding to the Planck energy gives the mass of the electron. 



ta ^.»j2^L, (19) 

mc 2 V ca 2 h 



ha Y(jEL\'. 9 . mi X\<r n kg, (20) 



^secc 2 J \2G 

m e = 9. 1 097 X 1 0- 31 kg - 1 8 e V / c 2 (v e ) = 9. 1 094 X 1 0" 31 kg , (21) 
m.^*^ = WKX\V* l kg. (22) 
5.2. Down-Down-Up Neutron (DDU) 



The corresponding equation for production of the neutron is 



9 THE GRAND UNIFIED THEORY OF CLASSICAL QUANTUM MECHANICS 

7. RELATIONSHIP OF MATTER TO ENERGY AND SPACET1ME EXPANSION 

The Schwaizschild metric gives the relationship whereby matter causes relativistic 
corrections to spacetime. The limiting velocity c results in the contraction of spacetime 
due to particle production, which is given by 2nr g where r z is the gravitational radius of 
the particle. This has implications for the expansion of spacetime when matter converts to 
energy. Q the mass/energy to expansion/contraction quotient of spacetime is given by the 
ratio of the mass of a particle at production divided by T the period of production. 

0 m 0 _ m 0 = m. _ c 3 __ 1?? yin^ (34) 

* T 2nr M _ 2Gm 0 4nG sec 

2n ~S~ 

c c 

c 

The gravitational equations with the equivalence of the particle prediction energies 
[Eq. (16)] permit the conservation of mass/energy (E=mc 2 ) and spacetime (c/4tzG=?>22 
X 10 34 kg/sec). With the conversion of 3.22 X 10 34 kg of matter to energy, spacetime 
expands by 1 sec. The photon has inertial mass and angular momentum, but due to 
Maxwell's equations and the implicit special relativity it does not have a gravitational 
mass, 

7.1. Cosmological Consequences 

The Universe is closed (it is finite but with no boundary). It is a 3-sphere Universe- 
Riemannian three dimensional hyperspace plus time of constant positive curvature at 
each r-sphere. The Universe is oscillatory in matter/energy and spacetime with a finite 
minimum radius, the gravitational radius. Spacetime expands as mass is released as 
energy which provides the basis of the atomic, thermodynamic, and cosmological arrows 
of time. Different regions of space are isothermal even though they are separated by 
greater distances than that over which light could travel during the time of the expansion 
of the Universe 9 Presently, stars and large scale structures exist which are older than the 
elapsed time of the present expansion as stellar, galaxy, and supercluster evolution 
occurred during the contraction phase. 10 * 16 The maximum power radiated by the Universe 
which occurs at the beginning of the expansion phase is Pv=c $ /47rG = 2.89 X l()r W. 
Observations beyond the beginning of the expansion phase are not possible since the 
Universe is entirely matter filled. 

7.2. The Period of Oscillation of the Universe Based on Closed Propagation of Light 

Mass/energy is conserved during harmonic expansion and contraction. The 
gravitational potential energy E grav given by Eq. (28) with m 0 = m v is equal to m^ 2 when 
the radius of the Universe r is the gravitational radius r c . The gravitational velocity v c 
[Eq. (30) with r=r c and m 0 = m v ] is the speed of light in a circular orbit wherein the 
eccentricity is equal to zero and the escape velocity from the Universe can never be 
reached. The period of the oscillation of the Universe and the period Tor light to 
transverse the Universe corresponding to the gravitational radius r c must be equal. The 
harmonic oscillation period, T, is 
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c c c 

where the mass of the Universe, m u , is approximately 2 X \0 5A kg. (The initial mass of 
the Universe of 2 X 10 54 Ag is based on internal consistency with the size, age, Hubble 
constant, temperature, density of matter, and power spectrum.) Thus, the observed 
Universe will expand as mass is released as photons for 4.92 X \0 u years. At this point in 
its world line, the Universe will obtain its maximum size and begin to contract. 



8. THE DIFFERENTIAL EQUATION OF THE RADIUS OF THE UNIVERSE 

Based on conservation of mass/energy (E-mc 2 ) and spacetime (c 3 /47rG=3.22 X 10 34 
kg/sec). The Universe behaves as a simple harmonic oscillator having a restoring force, 
F, which is proportional to the radius. The proportionality constant, kf is i given in terms 
of the potential energy, E, gained as the radius decreases from the maximum expansion to 
the minimum contraction. 




(36) 



Since the gravitational potential energy E grav is equal to myc 2 when the radius of the 
Universe r is the gravitational radius r G 




And, the differential equation of the radius of the Universe, N is 



m,,c 



r N = 0. 



(38) 



The maximum radius of the Universe, the amplitude, r 0t of the time harmonic 
variation in the radius of the Universe, is given by the quotient of the total mass of the 
Universe and £>, the mass/energy to expansion/contraction quotient. 

r 0 = ^ = i= 2X1^ kg =l97XlQ » , ight years (39) 

Q _£ _£ 

4nG 4nG 

The minimum radius which corresponds to the gravitational radius r g , given by Eq. (11) 
with m 0 ~mu is 3.12 X 10 11 light years. When the radius of the Universe is the 
gravitational radius, r g , the proper time is equal to the coordinate time by Eq. (15) and the 
gravitational escape velocity v g of the Universe is the speed of light. The radius of the 
Universe as a function of time is 
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2tv c 
V c J 



2Gm u ^ cm u 



c 2 ' c 3 



4nG 



cm, 



cos 



c 

4*G 



271/ 



2nGm v 
\ c 3 J 



(40) 



The expansion/contraction rate, X , is given by time derivative of Eq. (40) 



K = 4ncX\0-'sin 



271/ 



InGrriy 

j 



km 

sec 



(41) 



9. THE HUBBLE CONSTANT 

The Hubble constant is given by the ratio of the expansion rate given in units of 
km/sec divided by the radius of the expansion in Mpc. The radius of expansion is 
equivalent to the radius of the light sphere with an origin at the time point when the 
Universe stopped contracting and started to expand. 



4ncX)Q' 3 sin 



271/ 



2nGm u 



k/7i 
sec 



tMpc 



thipc 



(42) 



for / = 10 10 light years = 3.069 X \0*Mpc , the Hubble constant, Ho, is 78.6 km/secMpc. The 
experimental value is 17 H 0 =80 ± 17 km/sec Mpc. 



10. THE DENSITY OF THE UNIVERSE AS A FUNCTION OF TIME 

The density of the Universe as a function of time p v (t) is given by the ratio of the 
mass as a function of time and the volume as a function of time. 



1 + COS 



271/ 



2nGm L , 
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— 7T 

3 



2Gm v crriy 



4tiG 



-cos 
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4nG 



2nt 



2nGm tl 



(43) 



for / = 10'° light years , p„ = 1.7 X 10~ 32 g/cm* The density of luminous matter of stars and 
gas of galaxies is about p u = 2>n0" 3 ' g/cm 3 . 18 " 19 



12 RAN DELL L. MILLS 

11. THE POWER OF THE UNIVERSE AS A FUNCTION OF TIME, P 0 (t) 
From E - mc 2 and Eq. (34), 



SnG 



\ + cos 



2nt 



\ c J) 



(44) 



For t = 10'° light years /},(<) = 2.&SXl(f l JV . The observed power is consistent with 

i 

that predicted. 

12. THE TEMPERATURE OF THE UNIVERSE AS A FUNCTIOI^GFTIME 

The temperature of the Universe as a function of time, T v {t), follows from the 
Stefan-Boltzmann law. 



i 



Ml 

eo 



1' + "^JJ 



PA) 

4tiK(/) 
eo 



(45) 



The calculated uniform temperature is about 2.7 K which is in agreement with the 
observed microwave background temperature. 9 



13. POWER SPECTRUM OF THE COSMOS 

The power spectrum of the cosmos, as measured by the Las Campanas Survey, 
generally follows the prediction of cold dark matter on the scales of 200 million to 600 
million light-years. However, the power increases dramatically on scales of 600 million 
to 900 million light-years. The infuiitesirnal temporal displacement, rfr 2 , is given by Eq. 
(13). 

The relationship between the proper time and the coordinate time is 
The power maximum in the proper frame occurs at 



t = 5 X 1 0' light years Jl - 3 12 X ' °" f(8 *' = 880 X 1 0' light years . (47) 
S * \ 3.22 A- 10" light years * V ' 

The power maximum of the current observable Universe is predicted to occur on the 
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scale of 880 X 10 6 light years. There is excellent agreement between the predicted value 
and the experimental value of 600-900 X 10 6 light years. 16 



14. THE EXPANSION/CONTRACTION ACCELERATION, X 

The expansion/contraction acceleration rate, X , is given by the time derivative of 
Eq.(41). 



K = 2n cos 



2nt 



2nGm u 



X = H o = 78.7a>^ 



2nt 



2>.0\X\Q 5 Mpc) 



km 



sec- Mpc 



(48) 



The differential in the radius of the Universe, AX , due to its acceleration is given by 
AX = 1/2K/ 2 . The differential in expanded radius for the elapsed time of expansion, 
t = 10 10 light years corresponds to a decease in brightness of a supernovae standard candle 
of about an order of magnitude of that expected where the distance is taken as AX . This 
result based on the predicted rate of acceleration of the expansion is consistent with the 
experimental observation. 20 " 22 

Furthermore, the microwave background radiation image obtained by the 
Boomerang telescope 23 is consistent with a Universe of nearly flat geometry since the 
commencement of its expansion. The data is consistent with a large offset radius of the 
Universe with a fractional increase in size since the commencement of expansion about 
10 billion years ago. 



15. THE PERIODS OF SPACETIME EXPANSION/CONTRACTION AND 
PARTICLE DECAY/PRODUCTION FOR THE UNIVERSE ARE EQUAL 



The period of the expansion/contraction cycle of the radius of the Universe, T, is 
given by Eq. (35) It follows from the Poynting power theorem with spherical radiation 
that the transition lifetimes are given by the ratio of energy and the power of the 
transition. 



_ energy _ 
power 



M 



(49) 

Exponential decay applies to electromagnetic energy decay h(t) = e T u(t). The 
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coordinate time is imaginary because energy transitions are spacelike due spacetime 
expansion from matter to energy conversion. For example, the mass of the electron (a 
fundamental particle) is given by 



2nX c 



2nX c 



= ia~ l sec , 



(50) 



where v g is Newtonian gravitational velocity [Eq. (6)]. When the gravitational radius r g 

is the radius of the Universe, the proper time is equal to the coordinate time by Eq. (15), 
and the gravitational escape velocity of the Universe is the speed of light. Replacement 
of the coordinate time, r, by the spaceliJke time, it, gives 



h(t ) = Re e 



2n 

= cos / . 

T 



(51) 



where the period is T [Eq. (35)]. The continuity conditions based on the constant 
maximum speed of light (Maxwell's equations) are given by Eqs. (16). The continuity 
conditions based on the constant maximum speed of light (Schwarzschild metric) are 
given by Eqs. (17-18). The periods of spacetime expansion/contraction and particle 
decay/production for the Universe are equal because only the particles which satisfy 
Maxwell's equations and the relationship between proper time and coordinate time 
imposed by the Schwarzschild metric may exist. 



16. WAVE EQUATION 

The general form of the light front wave equations is given by Eq. (1). The equation 
of the radius of the Universe, K , may be written as 



2Gm u ^ cm v 



c 3 
4nG 



-cos 



2nGm, 



V c 



m , 



(52) 



which is a solution of the wave equation for a light wave front. 



17. CONCLUSION 



Maxwell's equations, Planck's equation, the de Broglie equation, Newton's laws, 
and special, and general relativity are unified. 
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The Grand Unified Theory of Classical Quantum Mechanics 



A theory of classical quantum mechanics (CQM) is derived from first principles that 
successfully applies physical laws on all scales. Using the classical wave equation with the 
constraint of nonradiation based on Maxwell's equations, CQM gives closed form 
solutions for the atom including the stability of the n=l state and the instability of the 
excited states, the equation of the photon and electron in excited states, the equation of the 
free electron, and photon which predict the wave particle duality behavior of particles and 
light. The current and charge density functions of the electron may be directly physically 
interpreted. For example, spin angular momentum results from the motion of negatively 
charged mass moving systematically, and the equation for angular momentum, r x p, can 
be applied directly to the wave function (a current density function) that describes the 
electron. The magnetic moment of a Bohr magneton, Stern Gerlach experiment, g factor, 
Lamb shift, resonant line width and shape, selection rules, correspondence principle, wave 
particle duality, excited states, reduced mass, rotational energies, and momenta, orbital and 
spin splitting, spin-orbital coupling, Knight shift, and spin-nuclear coupling are derived in 
closed form equations based on Maxwell's equations. The calculations agree with 
experimental observations. 

For or any kind of wave advancing with limiting velocity and capable of 
transmitting signals, the equation of front propagation is the same as the equation for the 
front of a light wave. By applying this condition to electromagnetic and gravitational fields 
at particle production, the Schwarzschild metric (SM) is derived from the classical wave 
equation which modifies general relativity to include conservation of spacetime in addition 
to momentum and matter/energy. The result gives a natural relationship between 
Maxwell's equations, special relativity, and general relativity. It gives gravitation from the 
atom to the cosmos. The universe is time harmonically oscillatory in matter energy and 
spacetime expansion and contraction with a minimum radius that is the gravitational radius. 
In closed form equations with fundamental constants only, CQM gives the deflection of 
light by stars, the precession of the perihelion of Mercury, the particle masses, the Hubble 
constant, the age of the universe, the observed acceleration of the expansion, the power of 
the universe, the power spectrum of the universe, the microwave background temperature, 
the uniformity of the microwave background radiation, the microkelvin spatial variation of 
the microwave background radiation, the observed violation of the GZK cutoff, the mass 
density, the large scale structure of the universe, and the identity of dark matter which 
matches the criteria for the structure of galaxies. In a special case wherein the gravitational 
potential energy density of a blackhole equals that of the Plank mass, matter converts to 
energy and spacetime expands with the release of a gamma ray burst. The singularity in the 
SM is eliminated. 
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Wave Equation 




v 2 1 52 


p(r,0,<M) = O 




L v 2 a 2 J 



Boundary Constraint from Maxwell's 
Equations 

For non-radiative states, the current-density function 
must NOT possess spacetime Fourier components that 
are synchronous with waves traveling at the speed of 
light 

The solution for the radial function which satisfies the 
boundary condition is a delta function 

/<r)=~6(r-r.) 

where r n =nr 1 



The Orbitsphere 



Tim o rtftiph a ra hi aw thtefaxp. 
It J) a two-dtawwtan*] snfan. 




The orbitsphere Is a two dimensional spherical shell with the 
Bohr radius of the hydrogen atom. 



Electric Fields of Proton, Electron, and 
Hydrogen Atom 






The Wavelength of the Free Electron 



A = h = h 



v=JL 

" m e r n 



the de BrogBe wavelength b observed for the electron 



1 




Time Dependence of Representative Point 
of Each Great Circle Current Loop 

point one: 
point two: 

x 2 =r n cos(fi) n /) y 2 =0 ^ = r sin(tty) 



Spin Function 




r 



Two infinitesimal point masses (charges) of two orthogonal great 
drde current loops In the orbitsphere frame. 



Nested Series of Great Circle Current 
Loops 

point one: 



cos(Aor) -sin 2 (Aa) -sin(Aa)cos(Aa) 

0 cos(Aa) -sin(Aa) 
sin(Aa) cos(Aa)sin(Aa) cos 2 j^Aa) 



and Arf - -Aa replaces Ao for g ia » -fin ; 2>rf| « VX« 
point two: 



cos(Aa) -sin 2 (Aa) -sin(Aa)cos(Aa) 

0 cos(Aa) -sin(Aa) 
sin(Aa) cos(Aa)sin(Aa) cos^Aa) 



and A rf - -Aa replaces Aa for jr A a » V2* ; IN - 



Current Pattern of the Orbitsphere 




VIEW ALONG THE Z AXIS 




Projection of the Resultant Angular 
Momentum Vector over the Orbitsphere 




t 
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Stem-Gerlach Experiment 

Spin Quantum Number, s = ^;m, = t^j. 
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Total Component Angular Momentum 



T ~ 4 + 4 " 2 



Projection of the Angular Momentum onto 
a Vector S that Processes about the Z-Axis 

S the projection or the orbitsphere angular momentum that 
processes about the z-axis called the spin axis at an angle of 
e = — and an angle of 0 = ff with respect to is 

S rotates about the 2-axts at the Larmor frequency 

(S t ) , the time averaged projection of the orbitsphere 
angular momentum onto the axis of the applied magnetic 
field is 



Electron g Factor 

Conservation of angular momentum of the orbitsphere permits a 
discrete change of its "kinetic angular momentum" (r x my) by 
the the applied magnetic held of |, and corcornftantiy the 
"potential angular rnomentum*(r x «A)must change by ™. 

AL = Y _rXeA 

In order that the change of angular momentum, AL, equals zero, 
0 must be <p 0 = — , the magnetic flux quantum. 



Electron g Factor conf d 



The magnetic mement of the electron is parallel or antiparaDel to 
the applied field only. 

The total energy of the flip transition is the sum of the energy of 
a ftuxon treading the orbttsphere and the energy of reorientation 
of the magnetic moment. 



2ft 

The spin-hip transition can be considered as involving a magnetic 
moment of g times that of a Bohr magneton. The predicted value 
of the g factor is 1.00116. The experimental value is 1.00116. 



Magnetic Fields of the Electron 



H = -=—(1,0050 -LriD8) for r<r. 



H = ^— -j(l r 2cose-i # siD0) for r>r. 
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Derivation of the Magnetic Energy 

The energy stored In the magnetic field of the electron is 

= -fi. J j J tfV smOdrdOd® 
2 ooo 



Angular Functions 

Based on the radial solution, the angular charge and current-density 
functions of the electron, must be a solution of the wave 

equation In two dimensions (plus time), 



['-#]- 



where rt'.M.O = /(O*(0,*.O * -^0- r.MW.AO 

r 

and W.f.O-W.M) 

where v is the linear velocity of the electron 



Charge-Density Functions 

The charge-density functions Including the tirne-functton factor are 
/ = 0 

ArAM = ^~rt6Xr- r.)][y o o (0,0)+ Rc{r;(0,0)[l + c**]}] 
where 

Re(j7(fl^)[l+ ^]| « Re[jr(M + 1 T( e .*) e ' ,V ) e f(«w0)c©i + /^(coi 6) aa(mt> + ay) 

and iii»o for *»o 



Spin and Orbital Parameters 



• The constant spin function is modulated by a time and 
spherical harmonic function. 

• The modulation or traveling charge density wave 
corresponds to an orbital angular momentum in 
addition to a spin angular momentum. 

• These states are typically referred to as p, d, f, etc 
states or orbttals and correspond to an / quantum 
number not equal to zero. 



Orbital and Spin 
Functions 



The orbital function 
modulates the constant 
(spin) function, (shown 
for t=0; cross-sectional 
view) 



5== «Sfc 



0-0-OO 



■t-e-o o 



Charge Density Wave Moves on the 
Surface About the Z-Axts 




t 



t 




Moment of Inertia and Spin and 
Rotational Energies 



^ = 0 



L = /ai = ±- 
^ 1 2 



Moment of Inertia and Spin and 
Rotational Energies cont'd 



-* 2 f + D 1 
2/[* 2 + 2/ + lJ 



Nonradiatton Condition 
(Acceleration Without Radiation) 



2V. =1 (u-l)!(u-l)l (1teQtBf'• l ^" , {v-\)\ 



^ *"*"-7~l5(a>-a».)+*(» + 03'.)] 



(u-l)I(u-l)! (jrcoi*J , ""2 ,, * l (v-l)t* 4ff 

Spacebme harmonics of ^ = * or^E = i for which which 

e c V«. 

the Fourier transform of the current-density function is nonzero do 
not exist Radiation due to charge motion does not occur In any 
medium when this boundary condition \s met 



Force Balance Equation 



m e v, . _ e Ze 1 h £ 



4w, /; 47iTj 4TO 0 r, 47rr, mr tt 



1 Z 



Energy Calculations 




• Potential Energy 




-Ze 7 -ZV 

V - = = -Z 3 X 4.3675 X lO'" J = -Z 7 X21.2 eV 

4ns m r t 4«£,a B 


• Kinetic Energy 




r= iS: =z3xl3 - 59cV 7 '=^ 


= --ejE 2 dv 
2 °l 






• Electric Energy 
zV 

^ = = -Z 2 X 2.1786 * Ifr" 7 = 

Bne m a B 


-Z J X13J98 eV 




Some Calculated Parameters for the 
Hydrogen Atom (n=l) 


mdut 




i»i»jritr"- 


potential energy 


4» A 


-77.196 «V 


Uriel ic energy 
angular velocity (spin 




4. 1 J JT 10* mA* 


•near velocity 






M&VolftflQth 




UXSXVT-m 


spin quantum nun bar 


m 1 
*" J 


1 
2 


. moment of Inertia 






angular Unatlc energy 




11.71 #V 



Calculated Energies (Non-Relativistic) and 
Calculated Ionization Energies for Some 
One-electron Atoms 

Cataiated Cekuated Cataiated CafcuMerJ Experimotal 



1 




nnctfc 
Energy 

(*v) 


Energy 
<eV) 


Energy 

M 


lontatton 
Energy 
(ev) 


H 


1.000 


13.59 


-27.18 


11.59 


13.51 


tu- 


0.500 


54 .as 


-108.70 


S4.35 


S4.5C 


ts- 


0J3J 


122.28 


-244.58 


122.28 


122.45 


aV 


0.230 


217.40 


-494.80 


217.40 


217.71 


*** 


0.200 


339.68 


-«7*.M 


339.88 


340.23 




0.107 


489.14 


•4)78.28 


489.14 


489.88 




0.143 


•63.77 


-t 331 .54 


665.77 


887.03 




0.125 


569.se 


-1738.18 


816.58 


871.39 



Excited States cont'd 

The relationship between the electric field equation and the 
"trapped photon" source cnaroe-denslty function ts given by 
Maxwell's equation in two dimensions „ 

The photon standing efecrjomagnetfc wave Is phase matched to 
with the electron 

- ^7rU-i:(o.#)*ilC(M* McM> ♦ ^DJl 

♦L-.0L-.+ 4 

-L-o for 

for r-na H and m-0, the total radial electric field is 





Some Calculated Parameters for the 
Hydrogen Atom (n=l) cont'd 



magnitude of the 
angular momentum 


A 


1.0543 X 10""* Jt 


projection of the 
angular momentum 
onto the&exb 






pro fee Hon of the 




ymxicr a jt 


angular momentum 
onto the z-exis 






mass density 




2.589 X l(T" Jtfflt* 3 


charge-density 




4.553 On" 1 



Excited States 



•The orbitsphere is a dynamic spherical resonator cavity which traps 
photons of discrete frequencies. 

-The relationship between an allowed radius and the "photon 
standing wave" wavelength is 2nr = nX 
where n b an integer. 

-The relationship between an allowed radius and the electron 

wavelength is 2m = nX 
where »=1,2,3,4,». 
•The radius of an orbitsphere increases with the absorption of 

electromagnetic energy. 

• The solutions to Maxwell's equations for modes that can be excited 
in the orbitsphere resonator cavity give rise to four quantum 
numbers, and the energies of the modes are the experimentally 
known hydrogen spectrum. 



Photon Absorption 

•The energy of the photon which excites a mode In the electron 
spherical resonator cavity from radius a M to radius no„ is 

• The change In angular velocity of the orbitsphere for an 
excitation from n~\ to »=n is 

• The kinetic energy change of the transition is 

• The change in angular velocity of the electron orbitsphere is 
identical to the angular velocity of the photon necessary for 
the excitation, <o ftMm 

• The correspondence principle holds 



t 
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Orbital and Spin Splitting 

The ratio of the square of the angular momentum, M 2 , to the squre 
of the energy, IP, for a pure 0. m) muftipote 

U 1 " to 1 

The magnetic moment Is defined as p = cba> * e x ao * ql,rmoiD " lt ! gE 

2 x mm 

The radiation of a muflpote of order 0. m) carries mh unas of the z 
CDmponent of angular momentum per photon of energy hto. Thus, 
the t component of the angular momentum of the corresponding, 
excited state electron orfbttsphere is — mh 

Therefore, 



anh 

i - . ■ f 
2m. 



where/i 0 is the Bohr magnton. 



The orbital spotting energy is 



Orbital and Spin Splitting cont'd 

The spin and orbital splitting energies superimpose; 
thus, the principal excited state energy levels of the 
hydrogen atom are spot by the energy 

£^'- =l71 j£_B + mj— B 



where 



n * 2,3.4.- 

/ = U....,n-l 

m = -/,-/+ \, ...,(>.-„.+/ 



Selection Rules for the Electric DtpoJe Transition 
Am = 0.±1 
Am, «0 



Resonant Line Shape 

E(a>) - J«- ar *-'" a, d . — — 
' ; a-«oj 

The relationship between the rise-time and the band- 
width for exponential decay is 

The energy radiated per unit frequency interval Is 
<ff(a>) . r i 

da ~ ' 2* {a - a, - bof +(T /2) 1 



Broadening of the Spectral Line 
and the Radiative Reaction 



Broadening of the spectral line due to the rise-time and shifting 
of the spectral One due to the radiative reaction. The resonant 
line shape has width T The level shift is Aa>. 




Lamb Shift 



The Lamb Shift of the'^/j state of the rrydrogen atom 
is due to conservation of Qnear momentum of the 
electron, atom, and photon. 



where E^b 



ftA/<«l 



Lamb Shift cont'd 



Atom Component 

In h 2 2mgC J 

Sum of the Components 

A/ o 1052 «Hi +6.3 UHt = 1058.5 MHi 



The experimental Lamb Shift Is 1058 MHz. 
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Instability of Excited States 

n = 23A... f 

Exdted states are radiative since spacetime harmonics of ^ - * 
or do exist for which the spacetime Fourier 

transform of the current density function is nonzero. 



Photon Equations 



The time-averaged angular-momentum density, m, of the emitted 



photon is 



m = ^-Rc|rx(ExB*)] = » 

off 



The Cartesian coordinate system wherein the first great circle 
magnetic field line lies in the yz-ptane, and the second great circle 
electric field line lies in the xz-plane is designated the photon 
orbits phere reference frame of a photon orbitsphere. 




Nested Set of Great Circle Field Lines 
Generates the Photon Function 



H Field: 

cos(Aa) -sin 2 (Aa) -sin(Aa)cos(Aa) 

0 cos(Aa) -sin(Aa) 

sin(Aa) cos(Aa)sin(Aa) cos 2 (Aa) 



*1 













and Arfo-Aa replaces Aa for £Aa = V2«; £|Aa'|»V2>r 



E Field: 



cos(Aa) -sin 2 (Aa) -sin(Aa)cos<Aa;) 

0 cos(Aa) -sin(Acr) 
$in(Aa) cos(Aa)sin(Aa) cos 2 (Aa) 



and tee » -aa replaces Aa for ^& a = j2n; 5>«1 » -Jin 



The Field Line Pattern from the 
Perspective of Looking along the Z-Axis of 
a Right-Handed Circularly-Polarized 
Photon 




VIEW ALONG THE Z AXIS 



The Field Line Pattern from the 
Perspective of Looking along the Z-Axis of 
a Linearly-Polarized Photon 




VIEW ALONG THE Z AXIS 



Electric Field of a 
Moving Point 
Charge v= x /3C 



Electric Field of a 
Moving Point 
Charge v= 4 /sc 
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The Photon Equation in the Lab Frame of 
a Right-Handed Circularly-Polarized 
Photon Orbitsphere 

H = ^)[y - * Je-*V- = E 0 ^[y - V*" 

with a wavelength of X - In- 

to 

The relationship between the photon orbitspere radius 
and wavelength Is 2«r, = A. 



The Electric Field Lines of a Right-Handed 
Circularly-Polarized Photon Orbitsphere 




- K 



The electric field Ones of a right-handed drcubriy polarized photon 
orbitsphere as seen along the axis of propagation In the lab inertiaJ 
reference frame as It passes a fixed point 



The Electric Field Rotation 



The electric field rotation of a right-handed drcuiarty 
polarized photon orbitsphere as seen transverse to the axis 
of propagation in the lab inertia! reference frame as it 
passes a fixed point 



Elliptically Polarized Photons 

Magnitude of the magnetic and electric field lines vary as a function 
of angular position (0,0) on the orbitsphere. 



" 4 JET 

a>, = 0 for m = 0 

r. is the radius of the photon orbitsphere which Is equal to ema M , 
the change in electron orbitsphere radius. 

A b the photon wavelength which is equal to AA^;, where AAfe 
the change in orbitsphere de BrogOe wavelength and Av is the 
change in velocity of the orbitsphere. 

m = ^ is the photon angular velocity which is equal to Ao), the 
change in orbitsphere angular velocity. 



Spherical Wave 

Photons superimpose; and the amplitude due to N photons Is 
In the far field, the emitted wave is a spherical wave 

•The Green Function is given as the solution of the wave 
equation. Thus, the superposition of photons gives the classical 
result . 

•Asr goes to infinity, the spherical wave becomes a plane wave. 
•The double sfit interference pattern is predicted 
•From the equation of a photon, the wave-particle dualfty arises 
naturally. 

•The energy is always given by Planck's equation; yet an 
interference pattern is observed when photons add over time or 
space. 



Equations of the Free Electron 

Mass Density Function of a Free Electron is a two dimensionaJ disk 
having the mass density distribution in the xy(p}-ptane 

Charge Density t»stribution,p,(p,«,t). In the xy-pbne 

The wave-particle duaCty arises naturally. 
Consistent with scattering experiments. 



9 



Front 
and 
Side 
View 
of Free 
Electron 




Front View of Electron 



Sid« View of Electron 



The front view of the magnftude of the mass (charge)densfty function In the xy-pbne 
of a free electron; side-view of a free etectron atang the axis of propagation— z-axts. 



Current-Density Function 




The magnitude of the current-density function, I J I , of the free 
electron in the xy-pbne cutaway through the top and side. 



Angular Momentum 



Li =h 



Nonradiation Condition 




Consider the radial wave vector of the sine function, when the 
radial projection of the velocity is c 

The relativisocalty corrected wavelength is 



Stern-Gerlach Experiment 



S rotates about the z-axis; thus, ( s «), the time averaged 
projection of the angular momentum onto the axis of the 
appBed magnetic fteJd is ±| . 



Two Electron Atoms 



Central Force Balance Equation with Nonradiation 
Condition 



4raf r 7 4m? 4jk,i£ 4jd£ Zmrf 
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Two Electron Atoms cont'd 

Ionization Energies Calculated Using the Poyntxng Power 



For helium, which has no electric field beyond r, 

Ionization Energy{Ht) - -E(clectric)+ EOnagnctic) 
where E(eUctric) « - (2 ~ 1 * 



Eimngiutic) 



For 3£Z 



Ionization Energy ■ -Electric Energy - — Magnetic Energy 



The Calculated Energies for Some Two- 
Electron Atoms 



AM 




(.V) 




En«BJf(«V) 






0.3*7 


-za.M 


0.13 


24.S0 


24:30 


w 


0.330 


• 70.41 


2.54 


75.50 


73.04 




0.201 


•1M.M 


•.42 . 


154.40 


133.01 


*- 


0.207 


-202.04 


12.00 


210.33 


2S0.37 


c- 


0.17* 


-300.00 


22.13 


303.10 


302.00 


*- 


0.140 


-530.10 


90.74 


352. OS 


552.00 


tr 


0.1J7 


-740.50 


51.35 


730.07 


730.32 




O.MS 


-002.17 


70.37 


•53.33 


•S3.«0 



The Calculated Energies for Some Two- 
Electron Atoms cont'd 



o.tet 



o.w« -i m.o 



in* 



11*4 M44.M 



UUO -4410.4 T4T.T *>7S 



Elastic Electron Scattering from Helium 
Atoms 



Aperture distribution function, a(P.fU), for the scattering of an 
Incident electron ptene wave *T(0 



by the He atom 



4ff(0-567<O 



4lI(0L567^.) , 



4>r(0367«.) 1 



V(a567o.) , -r , «(r - Jcmmo 1 -**) 



Far Field Scattering 
(Circular Symmetry) 



H5c^W^ M " ri -[s^I''' iife " ,N,v, ' ri l 



Experimental Results 
and Born Approximation 



I 
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The Closed Form Function 



IM cm MCfen forfeit 



The Nature of the Chemical Bond of 
Hydrogen 



The Lapladan In ellipsoidal coordinates Is solved with the 
constraint of nonradiation 



The Force Balance Equation for the Hydrogen Molecule 

h * 2ab*X = — X + —£ 2ab*X where 1 1 ' If" 1 

has the parametric solution K0 = iacosa* + J&sinax 
When the Semimajor Axis, a, b fl = K 



The Nature of the Chemical Bond of 
Hydrogen cont'd 



The Internuclear Distance, 2c', which is the distance 
between the foci is 

The experimental intemudear distance Is V2o, . 
The Semiminor Axis Is A = -jLa. 

The Eccentricity, t, is * ■ ^ 



The Energies of the Hydrogen Molecule 

The Potential Energy of the Two Electrons in the Central 
Field of the Protons at the Foci 



The Potential Energy of the Two Protons 



The Kinetic Energy of the Electrons 

f ■ , . — . fa ■ a 33.906 «V 

The Energy, ^ of the Magnetic Force Between the Electrons 



The Energies of the Hydrogen Molecule 
cont'd 

The Total Energy 

£r*v. + r+K, + v, 

£,= -13.6 e\^2j2- -J2 + ^jln^li -VS"j = -31.63 eV 

The Energy of Two Hydrogen Atoms 

E(2H[a K ])* -2721 eV 
The Bond Dissociation Energy, E & Is the difference between 
the total energy of the corresponding hydrogen atoms and Ej. 

E D = £(2A/[a tf J)- £V = 4.43 eV 
The experimental energy 
£^-4.45 tV 



Proton and Neutron 

The proton and neutron each comprise three charged fundamental 
particles called quarks and three massive photons called gluons. 



Proton Parameters 



m p * m . + m . 1 



In 



iftf proton rest mass 

b the Compton wawiuigtli of the proton 
X, <fl b the Compton wiwiength bar of 0* quarts 
r, b the ncfea of the proton 
*i b the raAn of the quarks 
m, b the rest mas of the quarts 
m f b the rdJtMfflc mass of the gbors 
ffl f b the reiaflvttfc mess of the quarts 
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Proton and Neutron cont'd 



Neutron Parameters 



* • 2s 



/t^J* (he Cartoon hjmJu^Ti o< Ok neutron 
X t ^j trte Gomptan wjwte noft bar of the quarts 
f. b the radus of the neutron 
r % btheradhs of the quarto 
m t b (Merest mas of the quarts 
mj biherdxMsactmsaftheoJuoRi 
the retitivfcoc mass of the quarla 



Quark and Gluon Functions of the Proton 

The proton tactions can be viewed as a linear uwibi na flon of three 
fundamentaJ partides, three quarto, of charge +3', and 
Each quark is associated wfth Its gluon where the quark 
mass/charge function has the same angular dependence as the 
gtuon mass/charge function. 
The quark mass function of a proton is 

2«L3 3 3 J 

The charge function of the quarks of a proton is 

+ an0rin*)+ jO + sindaxf) -1(1 + cosO)] 
The radial electric field of a proton b 

- ~ a '* e 2fl ?iJlo + rinerin«+-a + M0coi^)-3O + cos0)| 
„a12 2 J 



Quark and Gluon Functions of the Neutron 

The neutron functions can be viewed as a linear combination of three 
fundamental partides, three quarks, of charge *y, -y, and — 
Each quark is associated with Its gtuon where the quark mass/charge 
function has the same angular dependence as the gtuon mass/charge 
function. 

The quark mass function of a neutron b 



2*13 3 3 



The charge function of the quarks of a neutron b 
The radial electric field of a neutron is 



Magnetic Moments 

Proton Magnetic Moment 

charge X angular njomcotam 

where ^ Is the nuclear magneton ~- 
The experimental magnetic moment of the proton is 2.79268 /v 



Neutron Magnetic Moment 

The magnetic moment of the neutron, //. , is 

* =[1-^2* -^, = -1.91253^ 
The experimental magnetic moment of the neutron Is -1.91315 m. 



Beta Decay Energy 



The nuclear reaction for the beta decay of a neutron is 
W# + /J + v t + 0.7833 M* v 
where v. Is the electron antfneutrino. The energy terms of the 
beta decay are 



^-■V 1 — -LWXMf rV 



The beta decay energy Is 

£,0 1.09X10* - 15.7 JT10 1 - 5.46 X 10 s + 2-553 XlO* 
£,« 0.7836 Af*V 



Maxwell's Equations and Special 
Relativity 

Maxweffs equations and special retettvfty are based on the taw of 
propagation of a electromagnetic wave front in the form 

For any kind of wave advancing with limiting velocity and 
capable of transmitting signals, the equation of front 
propagation b the same as the equation for the front of a 
light v 



Thus, the equation 



acquires a general character; it is more general than MaxwetTs 
equations from which Maxwefl ortginalry dertved It 
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The Classical Wave Equation Governs: 

• The motion of bound electrons 

• The propagation of any form of energy 

• Measurements between inertial frames of reference such as time, 
mass, momentum, and length (Minkowski tensor) 

• A relativist*: correction of spacetime due to particle production or 
annihilation (Schwarzschild metric) 

• Fundamental particle production and the conversion of matter to energy 

• The expansion and contraction of the Universe 

• The basis of the relationship between Maxwell's equations, Planck's 
equation, the de Brogiie equation, Newton's laws, and special, and 
general relativity 



A Light-Pulse Clock at Rest on the Ground 
As Seen by an Observer on the Ground 



The dial represents a conventional clock on the ground. 



A Light-Pulse Clock in a Spacecraft As 
Seen by an Observer on the Ground 



The mirrors are parallel to the direction of the motion of the spacecraft 
The dial represents a conventional dock on the ground. 



Time Interval Relation Between Ticks t of 
the Moving Clock and L Q , the Vertical 
Distance Between the Mirrors 



2*. 



But ^ is the time t 0 interval between ticks on the dock on the 
ground, and so the 

time dilation relationship based on the constant maximum 
of light in any inertial frame is 



4) * time Interval on dock at rest relative to an observer 
t ° time interval on dock bi motion relative to an observer 
v m speed of relative motion 
c = speed of Oght 



Minkowski Tensor 



The Metric g for Eudidean Space Called the Minkowski Tensor n„„ is 

(-1 0 0 (T 

o -V o 0 

c 

0 o -V o 

c 

o o o -L 



In this case, the separation of proper time between two events and 

is jc" + dx" 



The Equivalence of the Gravitational Mass 
and the Inertial Mass 

Experimentally ^* o universal tt^ti* 

m, 

which is predicted by Newton's Law of mechanics and gravitation. 
The energy equation of Newtonian gravitation 

GMm 1 . GMm 



-H- 



Since h, the angular momentum per unit mass, is 

h - L/m = |rxvi = r o v o sin0 

Eccentricity t may be written as 



m h the inertia) mass of a particle 
v 0 ts the speed of the parade 
'o Is the distance of the particle from a massive object 

0 ts the angle between the direction of motion of the partide and the radJus vector 

Irom the object 
hi b the total flndudhg a particle) of mass of the object 
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Classification of the Orbits 

The eccentricity t given by Newton's differential equations of 
motion in the case of the central field permits the classification of 
the orbits. 

According to the total energy E: 

E<0, e<l ellipse 

E <0, e-0 drde (spedal case of ellipse) 

£=0, e~\ parabolic orbit 

E>Q, e>l hyperbolic obit 



Classification of the Orbits cont'd 


According to the orbftal velocity relative to the gravitational 
velocity squared ^ : 


j 2CM 
vj< 


t<\ - ellipse 


, 2GM 
v*< 


«°o drde (spedal case of ellipse) 


, 2GM 


t = i parabolic orbit 


r 9 


t > ! hyperbolic orbit 



Continuity Conditions for the Production 
of a Particle From a Photon Traveling at 
Light Speed 

- A photon traveling at the speed of Dght gives rise to a particle 
with an initial radius equal to Its Compton wavelength bar 

r = X c =s — 
mc 

• The pa rode must have an orbital velocity equal to Newtonian 
gravitational escape velocity v, of the antipartide 

• The eccentricity is one 

• The orbital energy is zero 

■ The parbde production trajectory is a parabola relative to the center 
of mass of the antiparticte 



A Gravitational Field As a Front Equivalent 
to a Light Wave Front 

The particle with a finite gravitational mass gives rise to a 
gravftationaJ fieid that travels out as a front equivalent to a light 
wave front 

The form of the outgoing gravitational field front traveling at the 
speed of light is 

i-'i) 

and dx 2 is given by 
dr 2 = f{r)dt 2 -4 \f(rY l dr 2 + r 2 d<? + r 2 sin 2 &Vty 2 ] 



The Speed of Light 

The speed of light as a constant maximum as weD as phase 
matching and continuity conditions of the electromagnetic and 
gravitational waves require the following form of the squared 
displacements: m(flJ 



Thus, 




In order that the wave front velocity does not exceed c in any 
frame* spacetime must undergo time d nation and length 
contraction due to the particle production event 

The derivation and resuff of spaceOme tfme daation is analogous to toe 
derivation and rest* of special retatMsOc time dttrttao wnerdn die 
rcfetfvr vetodty of tvw inertia! frames reptaces the gravitational vekxity. 



Quadratic Form Of The Infinitesimal 
Squared Temporal Displacement 

General form of the metric due to the relatMsoc effect on 
spacebrne due to mass m 9 

** - [l-^y -^-(^J J ****** ♦'AW j 

Gravitational radius, r t of each orbftsphere of the particle production 
event, each of mass m " 2Gm 

dr * = ^ - Ijtf - J^l - dr 1 + r x d6 % + r 2 sin 1 Bdf 

Masses and their effects on spacetime superimpose. The separation 
of proper time between two events and V is or* + dr" 
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The Origin of Gravity 

The Schwarzschild metric gives the relationship whereby matter 
causes relativists corrections to spacetime that determines the 
curvature of spacetime and is the origin of gravity. 

The metric g for noo-eudidean space due to the relativistic effect 
on spacetime due to mass «t> is 




0 0 0 -^sin'e 

^ c 2 J 



Particle Production Continuity Conditions 

• The photon to particle event requires a transition state 
that is continuous. 

• The velocity of a transition state orbitsphere is the speed of light 

• The radius, r n , is the Compton wavelength bar, *c 

X c = = r a 

m 0 c 

• The Planck equation energy, the electric potential energy, and 
the magnetic energy are equal to m cC J * 



The Masses of Fundamental Particles 



The Schwarzschild metric gives the relationship whereby 
matter causes relativistic corrections to spacetime that 
determines the masses of fundamental particles. 

Substitution of r = x*; dr=tSdB =o; sin 1 © = 1 into the SchwarzchiW 
metric gives 



tmt m mt m mll z. 

V c r, VcX ( c 



Relationship of the Equivalent Particle 
Production Energies 

When the orbitsphere velocity Is the speed of tight: 

Continuity conditions based on the constant maximum speed of light 
given by Maxwell's equations: 

(Mass energy = Planck equation energy = electric potential energy = 
magnetic energy = mass/ spacetime metric energy) 



m e c* = hm' = — rj = a' 

"V-c 



, m^ 1 _ ah JxZ 



Continuity Conditions Based on the 
Constant Maximum Speed of Light Given 
by the Schwarzschild Metric 

proper time gravitational wave condition gravitational toast phase matching 
coordinate time dectiomagnetK wave condition charge/Loertial mass phase matching 

tlGm 

propertiine .ifc^ . v, 
coordinate time a ck 



Masses of Fundamental Particles 



• Each of the Planck equation energy, electric energy, and 
magnetic energy corresponds to a particle given by the 
relationship between the proper time and the coordinate 
time. 

• The electron and antielectron correspond to the Planck 
equation energy. 

• The muon and antlmuon correspond to the electric energy. 

• The tau and antHau correspond to the magnetic energy. 

• The particle must possess the escape velocity Vf relative to the 
antipartide where v, < c. 

• According to Newton's bw of gravitation, the eccentricity Is one 
and the particle production trajectory is a parabola relative to the 
center of mass of the antipartide. 
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The Electron-Antielectron Lepton Pair 

A dock is defined in terms of a self-consistent system of units used 
to measure the partlde mass. 




m, = 9.1097 X 10 _3! kg - 18 eV( v,) = 9-1094 X 10" 3, *g 
m. DpHta * = 9.1095 X10- 31 ^ 



The Muon-Antimuon Lepton Pair 



mc* V eft 

The mass of the muon/antimuon is 

/n, °^f ^ I j f - 1-8902 XIO^'** 
* c\ZGm,<pvxiJ ) 

The muon/antfmuon mass is corrected for the experimental 
mass/energy deficit of the 0.25 MeV neutrino. 

m, =1.890563 X 10*' kg- 0.25 MeV{ v„) = L8857 X 10"" kg 
m ■. = 1. 8836 1CT" A» 



The Tau-Antitau Lepton Pair 



me V eft 

The mass of the tau/antftau is 

The tau/antftau mass is corrected for the experimental mass/energy 
deficit of the 17 keV neutrino. 

m T = 3.17 X 10-" kg- 17 teV( v r ) = 3.17 X 10'" kg 

«,,,.,„ , 1ir =3.17XlQ-"*g 



Down-Down-Up Neutron (DDU) 



3 1.2* 2«r 



3cf?.n)*h 



The neutron mass is 



= 1.6744X10"" Ag 

1.6749X10"" A* 



Strange-Strange-Charmed Neutron (SSC) 



3 U* 2a J 



3 2»- 



The strange-strange^harmed neutron mass is 



* 4.90 XI 0" 1 7 Ag = Z75 CeV / c* 



The observed mass of the Q." hyperon that contains three strange 
quarks (sss) is 

m„. =1673AftfV/c 2 



Strange-Strange-Charmed Neutron (SSC) 
cont'd 



Thus, an estimate for the dynamical mass of the strange quark, m, , Is 
3 3 

The dynamical mass of the charmed quark, , has been determined by 
fitting quartonia spectra; and from the observed masses of the charmed 
oseudoscabr mesons and cow). 



Thus, 



m, -tSBQGeVtc* 

„ = 2m, + =* 2(558 M*V /c*)+ 1673 M*V /c 1 
m „ ^ ..^ > 279 GeV I c* 
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Bottom-Bottom-Top Neutron (BBT) 



3 L2« ZftT 



3 L2n"2«J, 



3c2a*rfA 



The bottorrv bottom- top neutron mass is j 

* 3- 4 8 X 10~" *» = 195 G*V I c 1 

The dynamical mass of the bottom quark, M B , has been determined by 
fitting quarkonia spectra; and from the observed masses of the bottom 
pseudoscalar mesons ^(srrs) and B'(sni) . 

m k = 4.580 GtVlc 1 



t 



Bottom-Bottom-Top Neutron (BBT) cont'd 



Thus, the predicted dynamical mass of the top quark based oh the 
dynamical mass of the bottom quark is 

«,^=^^-H =195 GeV/c 1 -2(4580 GeV I c 1 ) 
m,^,^ 186 GeV/ c 2 

from about 21 top quark events, the CDF collaboration calculates the 
mass of the top quark as , 
176113 GtV/c 2 



From about 17 top quark events, the D 0 collaboration calculates the 
mass of the top quark as 

199 ± 30 GeV I c 2 



Gravitational Potential Energy 



The gravitational radius, a c or r G , of an orbftsphere of mass m„ is 
defined as 

a G = r G = 

c 



When the r c - r J - *c, the gravitational potential energy equals m 0 c 3 
Gnia h 

2 — A e = 



Gravitational Potential Energy confd 

The mass m # Is the Planck mass, m u , 

muC ^ hw ' = V = E mat =^ 
fftc 

rrty - mp - J— 
The corresponding gravitational velocity, v c , is defined as 

v „ s = s 

° *J x V x 



Relationship of the Equivalent Planck 
Mass Particle Production Energies 



(Mass energy = Planck equation energy = electric potential energy <= 
magnetic Energy = gravitational potential energy = mass/spacetlme metric 
energy) 



iV 1 "to* 



Equivalent energies give the particle masses in terms of the 
gravitational velocity, v c , and the Planck mass, m v 



Planck Mass Particles 



■ A pair of particles each of the Planck mass corresponding to the 
gravitational potential energy Is not observed since the 
velocity of each transition state orbftsphere Is the gravitational 
velocity v 0 that In this case Is the speed of light; whereas, the 
Newtonian gravitational escape velocity v, Is twice the 
speed of light 

• In this case, an electromagnetic wave of mass energy equivalent to 
the Planck mass travels In a circular orbit about the center of 
mass of another electrornagnetlc wave of mass energy equivalent 
to the Planck mass wherein the eccentricity is equal to zero 
and the escape velocity can never be reached. 
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Planck Mass Particles cont'd 



The Ptandc mass is a "measuring stick." The extraordinarily high 
Ptanck mass ( ^ =2.18 x\o~* kg ) is the unobtainable mass bound 
imposed by the angular momentum and speed of the photon relative 
to the gravitational constant 

It is analogous to the unattainable bound of the speed of Dght for a 
particle possessing finite rest mass Imposed by the Minkowski tensor. 



Astrophysical Implications 
of Planck Mass Particles 



• The Bmffing speed of Rght eliminates the singularity problem 
of Einstein's equation that arises as the radius of a black hole 
equals the ScrtwarzscrukJ radius. 



• When the gravitational potential energy density of a 
massive body such as a blackhole equals that of a particle 
having the Planck mass, the matter may transition to 
photons of the Planck mass. 



• Even light from a Hack hole vriH escape when the decay rate of 
the trapped matter with the concomitant spacetime expansion Is 
greater than the effects of gravity which oppose this expansion. 



Astrophysical Implications of Planck Mass 
Particles cont'd 

• Gamma-ray bursts are the most energetic phenomenon 
known that can release an explosion of gamma-rays packing 
100 times more energy than a Supernova explosion. 

• The annihilation of a Hack hole may be the source of /-ray 
bursts. 

• The source may be due to conversion of matter to 
photons of the Planck mass/ energy, which may also 
give rise to cosmic rays. 

• According to the GZK cutoff, the cosmic spectrum cannot 
extend beyond 5 x 10" #v , but AGASA, the world's largest air 
shower array, has shown that the spectrum is extending 
beyond KrV without any dear sign of cutoff. Photons 
each of the Planck mass may be the source of these 
inexplicably energetic cosmic rays. 



The Schwarzschild Metric Gives the 
Relationship Whereby Matter Causes 
Relativlstic Corrections to Spacetime 

• The limiting velocity c results in the contraction of spacetime 
due to particle production. The contraction Is given by 2ar t 
where r ( is the gravitational radius of the partide. This has 
implications for the expansion of spacetime when matter converts 
to energy 

• {? The mass/energy to expansion/contraction quotient of 
spacetime is given by the ratio of the mass of a partide at 
production divided by T the period of production. 

0 .2i.Ja & ^--3.22x10"-^ 

T **£ 2n V 4jtC tec 



• The gravitational equations wfth the equivalence of the particle 
production energies permit the conservation of 

mass/energy (fi-mc 1 ) and spacetime ( ^- i22jno "« ). 



Cosmological Consequences 



• The Unfverse is dosed (ft Is finite but with no boundary). 

• The Universe is a 3 -sphere Unfverse- Riemannlan three 
dimensional hyperspace plus time of constant positive curvature at 
each r-sphere. 

• The Unfverse Is oscillatory in matter/energy and spacetime 
with a finite minimum radius, the gravftational radius. 

• Spacetime expands as mass is released as energy which provides the 
basis of the atomic, therrnodyiiamic, and cosmological arrows 
of time. 

• Different regions of space are Isothermal even though they are 
separated by greater distances than that over which Dght could travel 
during the time of the expansion of the Universe. 



Cosmological Consequences cont'd 



• Presentiy, stars exist which are older than the elapsed 
time of the present expansion as stellar evolution also 
occurred during the cm fr action phase 

• The maximum power radiated by the Universe which occurs 
at the beginning of the expansion phase is 

i> = JEL O2.89X10" W 
0 4«C 

• Observations beyond the beginning of the expansion phase 
are not possible since the Universe is entirely matter fiDedL 
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The Period of Oscillation Based on Closed 
Propagation of Light 

• Conservation of mass/energy during harmonic expansion and 
contraction 

• The gravitational potential energy E lfW , 



Is equal to when the radius of the Universe r is the 
gravitational radius 

• The gravitational velocity v 0 is the speed of light In a circular orbit 
wherein the eccentricity is equal to zero and the escape velocity 
from the Universe can never be reached 

• The period of the oscillation of the Universe and the period for light 
to transverse the Universe corresponding to the gravitational radius 
r G must be equal. 




The Period of Oscillation Based on Closed 
Propagation of Light cont'd 

• The harmonic oscillation period, T, is 

r .a.«&. MI P lt r») .l l .,tf-, 

e c c 

where the mass of the Universe, m w Is approximately IxvFkg 
(The Initial mass of the Universe of 2x10" A* Is based on 
internal consistency with the size, age, Hubble constant, 
temperature, density of matter, and power spectrum of the 
Universe.) 

• Thus, the observed Universe will expand as mass is released 
as photons for 4.92 x 10" yean . At this point in Its world line, 
the Universe win obtain its maximum size and begin to 
contract 



The Differential Equation of the Radius of 
the Universe 

• Simple harmonic oscillator having a restoring force, F, 
which is proportional to the radius. 

• The proportionality constant, k, is given in terms of the 
potential energy, E, gained as the radius decreases from 
the maximum expansion to the minimum contraction. 



The gravitational potential energy E - — 

Is equal to when the radius of the Universe r is the 
gravitational radius r a . 2 2 



m. 



The Differential Equation of the Radius of 
the Universe K , Is 



Krz 



m 



„ K= O 



The Maximum Radius of the Universe 



The Maximum Radius of the Universe, the amplitude, r 0 , of the time 
harmonic variation in the radius of the Universe, is given by the 
quotient of the total mass of the Universe Q and, the mass/energy 
to expansk^contraction quotient 



-0 = -^=^- 
AnG 

r 0 = 2X ff' = 1 .97 X 1 0' 2 tight years 
4tzG 



The Minimum Radius 



The Minimum Radius corresponds to the gravitational 
radius ICm^ 

2GfoXl& 4 kg) n 
Tf = — \— = 3. 12 X 10' 1 light years 

When the gravitational radius r t lsttte radius of the Universe, the 
proper time is equal to the coordinate time by 




And the gravitational escape velocity * t of the Universe is the 
speed of light 



20 



t 



The Radius of the Universe As a Function 
of Time 

4-?)-^ -(e) 

( AnGJ 4rt? V c* ) 

K - 2.28 X 10" - 1.97 X 10" cc{-^5L_) ^ ^ 
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The Radius of the Universe as a Function 
of Time 




Ttmt (ytcn) 




The Hubble Constant 

The Hubble Constant is given by the ratio of the expansion rate 
given in units of £ dMded by the radius of the expansion In Mpc. 
The radius of expansion is equivalent to the radius of the Dght 
sphere with an origin at the time point when the Universe stopped 
contracting and stated to expand. The radius is the time of 
expansion i Afpc . 

4j*-X10-"bIb| < 



The Hubble Constant cont'd 

For, imvriifktr*»-isx»xi&Mpc the Hubble, , constant is 
km 



H = 78.6 



sec- Afpc 



The experimental value Is 



=80117 



km 
sec- Mpc 
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The Hubble Constant of the Universe As a 


•0 


Function of Time 


a 




r 




w 

S o 




%. 
E 














l«lo" »Klo" SX1* 11 t»I« M »*lo" 




Ttme (yews) 



The Density of the Universe As a Function of Time 

•The density of the Universe as a function of time Pu(0 is given by the ratio of the 
mass as a function of time and the volume as a function of time. 



2 



2m 



4nG 



2m 



• For / ■= 10" lighi years = 3.069 AT ]& Mpc 

ft, =1.7X10*" ^/cm* 

The density of luminous matter of stars and gas of galaxies is about 

A, =2 X Iff* 1 g /cm 1 



The Density of the Universe As a Function 
of Time 



w fXlO 



Ttme (years) 




The Power of the Universe As a Function 
of Time, p v ( t ) 

r w 



1 + cos 



2m 



2nr a 



\ c J 



^« =1 - 45X1 ° J, ( 1+C0 {9H7W^1 

For r = light years 

The observed power is consistent with that predicted. 



W 



The Power of the Universe As a Function 
of Time 






« **»•" 




* i.sxio" 




ixio" 




IX10 M 






a»ld" •*io" ixio" toio" ixlo 1 " 
Tims (years) 



The Temperature of 
the Universe as a 
Function of Time 
Follows from the ™ m 
Stefan-Bo Itzman 
Law 



*H*I 
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The 
Temperature 

of the 
Universe As 
a Function of 

Time - 

cont'd 



T a <l> 



0.74X10" 



9.83JriO">w 



"[lUX*-lMXVrw{ w Xr J-] 



». 16X10° -1. 86 X Vfa^- 



9.83* ltf' Ml 



5.67X10"* 



The Temperature of the Universe As a 
Function of Time During the Expansion Phase 




IxIO" Sxlt" 

Ttma (years) 



Power Spectrum of the Cosmos 

• The power spectrum of the cosmos, as measured by the LAS 
CAM PAN AS SURVEY, generally fbflows the prediction of cold dark 
matter on the scales of 200 million to 600 million light-years. 

• However, the power Increases drematicaDy on scales of 600 million 
to 900 million light-years. 

•The infinitesimal temporal displacement , dr 7 , Is 



1- 



2&t 



+ rW + r* sin 1 



•The relationship between the proper time and the coordinate time is 



Power Spectrum of the Cosmos confd 



■ The power maximum in the p roper frame occurs at 

| 3 12 X IP 11 l ight yean 

t=880X10 4 tight years 
* -me power maximum of the current observable Universe b predicted to 
occur on the scale of 110x10* Ught yean. 

. There is exceJlent agreement between the predicted value and the 
experimental value 6O0-9O0 xio* tight yean. 



The Expansion/ Contraction Acceleration, X 

- . c 4 J 2m 
""^"jl 



K = H =78.7 



/ 2m } fan 
C °\3.01X10 , MpcJ tcc-Mpc 



acceleration is given by 



.The differential In the radius of the Universe A K due to Its 
AK=l/2Kf 2 

. The differential in expanded radius for the dapsed ttrre of eyand^ 
- io" Us* ytvr* - 3JD69X io**<pc corresponds to a decease In brightness of a 
supernova* standard candle of about an order of magni&Jde of that expected where 
the distance is taken as AK. This result based on the predicted rate of 
acceleration of the expansion b consistent wtth the experimental 



. The microwave background radiation Image obtained by the BOOMERANG 
telescope was consistent with a Universe of nearr/ Hat geometry sirce the^ 
uaiMnercernent of te expansion. The data b co nsis tent wftb a Urge offset 



radius of the Universe wtth a fractional Increase in size since the 
commencement of expansion about 10 bflDon years ape. 



The Differential Expansion of the Light 
Sphere Due to the Acceleration of the 
Expansion of the Cosmos As a Function of 



c 

= txlO* 



Time 



Tims (yasrs) 
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The Periods of Spacetime 
Expansion/Contraction and Particle 
Decay/Production for the Universe Are Equal 

• The period of the expanstoiVcontracbon cycle of the radius of the Universe, T , is 

r = ^2a ^ 

• It follows from the Poynting power theorem with spherical radiation that the 
transition lifetimes are given by the ratio of energy and the power of the transition. 

x = 

power 

• Exponential decay applies to electromagnetic energy decay. 

h(t)= e" 1 u{t) 



The Coordinate Time Is Imaginary 
Because Energy Transitions Are Spacelike 
Due Spacetime Expansion From Matter to 
Energy Conversion 

• For example, the mass of the electron (a fundamental particle) Is given by 
where v f is Newtonian gravitational velocity. 

When the gravitational radius r .Is the radius of the Urdverse, the proper time 
Is equal to the coordinate ti me by 

f = rif , . = *f,l — =- — = ti-** 
V c r m V e% c 

and the gravitational escape velocity v g of the Universe is the speed of light 
Replacement of the coordinate time, r , by the spacelike time, it , gives 
In 



K0 B e T -cos- 



where the period ts T. 



Period Equivalents 

The periods of spacetime expansion /contraction and particle 
decay/ production for the Universe are equal because only the 
particles which satisfy Maxwell's equations and the relationship 
between proper time and coordinate time imposed by the 
Schwarzschild metric may exist 

Continuity conditions based on the constant maximum speed of light 
(Maxwell's equations) 

_c». »„*._?!_.<,-_£! — o- w 1 * 1 ..£*.J»Z 

^ W mjL* c fronjK l«ecV2 Cm 

Continuity conditions based on the constant maximum speed of light 
(Schwarzschild metric) 

proper fane p»vitttion»] wive ccre&Son _ tnrit»tkro*J mta phase mitching 



Wave Equation 



The equation of the radius of the Untverse, X , may be written as 




which is a solution to the wave equation. 



Conclusion 



Maxwell's equations, Planck's equation, 
the de Broglie equation, Newton's laws, 
and Special, and General Relativity are 
Unified. 



77?e Grand Unified Theory of Classical Quantum 
Mechanics 
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